Background: Cancer recurrence after surgery may be affected by immunosuppressive factors such as surgical stress, anesthetic drugs, and opioids. By limiting exposure to these, epidural analgesia may enhance tumor surveillance. This study compared survival and cancer recurrence rates for resection of colorectal cancer between patients who received perioperative epidurals and those who did not. Methods: The linked Medicare-Surveillance, Epidemiology, and End Results database was used to identify patients ages 66 yr or older with nonmetastatic colorectal cancer diagnosed between 1996 and 2005 who underwent open colectomy. Recurrence was defined as chemotherapy 16 months or more after surgery and/or radiation 12 months or more after surgery. Patients were followed for at least 4 yr. To account for hospital effects, overall survival was estimated via marginal Cox regression. Recurrence was estimated by conditional logistic regression. Results: A cohort of 42,151 patients, of whom 22.9% (n ϭ 9,670) had epidurals at the time of resection, was identified. 5-yr survival was 61% in the epidural group and 55% in the
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OLORECTAL cancer is the third most common cancer diagnosed in the United States and accounted for approximately 9% of all U.S. cancer deaths in 2010. 1 A major determinant of survival in patients undergoing cancer surgery is recurrence, with rates of 8 -25% reported for colorectal cancer. 2 To a large degree, the opposing forces of immune surveillance and a tumor's ability to spread determine whether local recurrence or metastasis occurs. [3] [4] Multiple surgical factors can negatively affect the balance between metastasis and tumor surveillance in the perioperative period. 3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Allogeneic blood transfusion, not uncommon in large abdominal procedures, is also widely recognized as immunosuppressive, as are general anesthesia 16 -19 and opioid analgesics. 20 -21 By reducing the surgical stress response (if used intraoperatively) and significantly reducing exposure to opioids, regional, or neuraxial anesthetic techniques, even when combined with general anesthesia, may suppress immune function less than opioid analgesia. [21] [22] Consistent with this hypothesis, regional anesthetic techniques have been associated with lower recurrence rates of breast and prostate cancers. [23] [24] Results for colon cancer, however, are mixed, [25] [26] prompting the need for additional (and larger) database analyses as prospective trials are conducted.
In addition to effects on cancer recurrence, the impact of neuraxial analgesia on survival after surgery has been a contentious issue. Although widely believed to improve patient outcomes, survival data are less convincing. Whereas original reports suggested a survival benefit of neuraxial anesthesia/ analgesia for different types of surgery, 27 results for survival after colorectal cancer surgery have been mixed, with some analyses showing a survival benefit 28 -29 and others finding none. 26 Although cancer recurrence will determine survival to a large extent, other putative mechanisms include a reduction in perioperative cardiac, respiratory, and thromboembolic events. 27 Although limited by their design, administrative database studies provide insights not easily found outside of large randomized clinical trials. 30 In particular, Medicare claims data provide a large pool of patient encounters for research. Therefore, the objectives of this population-based cohort study were to use the linked Surveillance, Epidemiology, and End Results (SEER)-Medicare database to compare overall survival and cancer recurrence rates between patients who did or did not receive epidural anesthesia and/or analgesia for open resection of nonmetastatic colorectal cancer. Our hypotheses were that epidural anesthesia and/or analgesia is associated with reduced cancer recurrence after colorectal cancer resection and improved all-cause mortality after surgery.
Materials and Methods
The protocol utilizing the Medicare-SEER database was approved by Case Comprehensive Cancer Center Institutional Review Board (Cleveland, Ohio) and the National Cancer Institute (Bethesda, Maryland).
Data Sources
The SEER tumor registry provides a population-based source of information about patients with colorectal cancer. This tumor registry is a program of the National Cancer Institute at the National Institutes of Health (Bethesda, Maryland) that tracks cancer incidence in a set of cancer registries in the United States. The SEER program began collecting data in 1973, and currently collects patient-specific information about cancer cases from more than a dozen cancer registries encompassing about 26% of the U.S. 32 were excluded. Finally, patients who subsequently developed an unrelated second malignancy (indicated in PEDSF) were excluded.
Using these criteria, two nested cohorts were defined. The cohort for assessment of overall survival was identified as patients who were enrolled in Medicare part A and B within 1 yr before cancer diagnosis until death or 8 months after diagnosis, whichever came first, in order to allow recording of perioperative data and complications. The recurrence cohort for assessment of cancer recurrence was identified as patients who were enrolled in Medicare part A and B within 1 yr before cancer diagnosis until 4 yr after diagnosis or death who survived at least 12 months after surgery.
Measures
Exposure. The exposure variable was epidural anesthesia and/or analgesia. The CPT codes for placement of thoracic and lumbar epidural catheters (62318 and 62319, respectively, with a possible Ϫ59 modifier for postoperative pain) as well as the code for daily hospital management of an epidural infusion (01996) were identified from the Standard Analytical File and National Claims History file because MedPAR does not contain information on epidural placement. Epidural codes were searched perioperatively ranging from 1 week before and after surgery. These codes have been used successfully elsewhere in Medicare database research. [33] [34] [35] Either a code for epidural placement or a code for daily management was taken as evidence of epidural use. Outcome. All-cause mortality after cancer resection was determined by the Medicare date of death (recorded in the PEDSF file). Survival time was measured from date of resection to death or 12/31/2009 if censored. The secondary outcome was colorectal cancer recurrence. We defined recurrence within a 4-yr window after surgery. As recommended by a panel of experts with SEER-Medicare data, colorectal cancer recurrence was defined as an ICD-9 metastasis code (197.5) or receipt of chemotherapy 16 months or more after the date of surgery and/or radiation therapy 12 months or more after the date of surgery. 36 -37 Radiation therapy was identified using the ICD-9 codes 92.2, V58.0, V66.1, and V67.1 and CPT code 77xxx. MedPAR, National Claims History, and Standard Analytical File were evaluated for chemotherapy administration. The following ICD-9 codes were used to identify use of chemotherapy: chemotherapy administration (99.25), encounter for antineoplastic chemotherapy (V58.1), cancer chemotherapy follow-up (V67.2), convalescence and palliative care following chemotherapy (V66.2), outpatient or physician administration of chemotherapy (Q0083-Q0085), and chemotherapeutic agents (Healthcare Common Procedure Coding System codes J9000 -J9999 or G0355-G0363). CPT codes 964xx and 965xx were also included. Revenue center codes for injected chemotherapy (0331), oral chemotherapy (0332), and intravenous chemotherapy (0335) were also used to identify chemotherapy use from physician-supplier claims. This approach has been validated for use of 5-fluorouracil for colon cancer using SEERMedicare data in a previous study.
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Covariates. From the SEER file, we included patient-level demographic and clinical variables including age, gender, race, marital status, SEER site, year of diagnosis, anatomical site, stage of disease at diagnosis, and Medicare date of death. We also noted socioeconomic factors measured at the census tract level (urban/rural residence, median income, and percent of residents with at least a high school diploma). Cases with anatomical site codes for cecum, ascending colon, hepatic flexure, transverse colon, splenic flexure, descending colon, sigmoid colon, rectosigmoid junction, and rectum were included. Blood transfusions were noted from the Med-PAR blood pints furnished variable.
As recommended by the National Cancer Institute, we identified comorbid conditions using ICD-9-CM codes from MedPAR, Outpatient, and physician-supplier claims to calculate a comorbidity index modified from the Deyo adaptation of the Charlson comorbidity index. 39 We adopted Klabunde's 30-day rule out algorithm to incorporate comorbid condition codes from outpatient files.
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Colectomy. We examined MedPAR for surgical procedure codes. The use of an ICD-9-CM diagnosis code of V64.4 in conjunction with procedure codes for colectomy in the absence of procedure codes for laparoscopy (54.21, 45.81) was considered to be a laparoscopic procedure that was converted to open. These patients were included in the analytic cohort. If a patient had a colectomy and the codes for laparoscopy were not present, then the patient was assumed 
Statistical Analysis
Patient characteristics were compared according to the presence or absence of epidural anesthesia and/or analgesia. For categorical variables, sample sizes with proportions were presented in each group. Pearson's chi-square test was used to compare the groups. For continuous variables, medians with interquartile ranges were presented. Wilcoxon rank sum test were used to compare the groups.
Survival time was defined from the date of surgery to all-cause mortality or last follow-up through December 31, 2009, indicated as censor. Kaplan-Meier survival curves were generated and the group comparison was based on the log-rank test. Based on the nature of the hospital clustered data, a marginal Cox model was constructed. This method uses the pseudolikelihood that yields a consistent estimate of covariate effects. A robust sandwich estimate was implemented in the model. 42 As a confirmatory analysis, using logistic regression, a propensity score was generated to predict the use of epidural anesthesia using the same covariates. The propensity score was then used as a continuous covariate to be included in the survival models.
In the analysis of the recurrence cohort, a conditional logistic regression was constructed to predict the likelihood of cancer recurrence, controlling for hospital effect.
All data were analyzed using SAS software version 9.2 (SAS Institute, Cary, NC) and R 2.9.2 (R Foundation for Statistical Computing, Vienna, Austria). All comparisons used two-sided tests at a significance level of 0.05.
Results

Patient Selection
After applying the inclusion and exclusion criteria described above, we identified a primary cohort of 42,151 patients, of whom 22.9% (n ϭ 9,670) had epidurals. The cohort for analysis of cancer recurrence comprised 40,377 patients, of whom 23.0% (n ϭ 9,278) had epidurals at the time of resection. Figure 1 details the identification of the primary cohort. The median length of follow-up data was 5.0 yr (5.3 yr in the epidural group, 4.8 yr in the nonepidural group).
Patient Characteristics
There were a number of differences between the two groups in the primary analysis (table 1) . Patients who received epidurals were slightly younger, had lower comorbidity scores, and were more likely to be males, white, married, and residing in Midwest SEER regions. Epidural use differed by American Joint Committee on Cancer stage as well, with stage I patients more likely to have an epidural. Those who received blood transfusion were less likely to have an epidural but the association was not significant (P ϭ 0.16). When 
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analyzed by cancer location, epidural use was more common in distal tumors (rectosigmoid junction and rectum), but not other sites.
After controlling for hospitals, there was no significant association between epidural use and perioperative complications (conditional logistic regression odds ratio ϭ 0.97, 95% CI[0.85, 1.1], P ϭ 0.60).
Association Between Epidural Use and Overall Survival 5-yr overall survival was 61% in the epidural group and 56% in the traditional pain management group. Median survival in the epidural group was 7.24 yr (95% CI [6.96, 7 .51]); in the nonepidural group, median survival was 6.09 yr (95% CI [5.97, 7 .51]). Figure 2 shows Kaplan-Meier survival curves for the two groups; the curves were significantly different (log-rank test P Ͻ 0.001). Table 2 presents both the unadjusted and adjusted marginal Cox models. Model checking was based on cumulative sums of Martingale based residuals and the models had a good fit. Adjusting for multiple patient characteristics, there was a significant association between epidural use and improved overall survival (adjusted hazard ratio ϭ 0.91, 95% CI ϭ [0.87, 0.94], P Ͻ 0.001). In the adjusted model, several covariates were significant predictors of mortality: older age, male gender, AfricanAmerican race, unmarried state, higher comorbidity score, higher stage, poorly-differentiated tumors, distal location (descending colon through rectum), diagnosis before 2005, and blood transfusion were all associated with a higher hazard ratio for death. The association between blood transfusion and mortality was particularly strong (adjusted hazard ratio ϭ 1.34, 95% CI [1.28, 1.40], P Ͻ 0.001). Residence in a census tract with a higher median income or higher percentage of people with high school diplomas was associated with a lower mortality hazard.
As a confirmatory analysis, we used the same covariates used in the adjusted Cox model (omitting blood transfusion and postoperative complication because they did not predict the use of epidural) to create a logistic regression model to predict a propensity score (likelihood of receiving an epidural). The c-statistic for the propensity score model was 0.647. We then incorporated this propensity score as a covariate in our adjusted Cox proportional hazards analysis (table 2, models 2A, 2B, and 2C). Adjusting for the propensity score as a continuous variable, the results did not change appreciably (hazard ratio ϭ 0.92, 95% CI [0.88, 0.96], P Ͻ 0.001).
Association between Epidural Use and Colorectal Cancer Recurrence
Overall 4-yr cancer recurrence was 14.3% in the epidural group and 13.8% in the nonepidural group. In the unadjusted logistic regression, there was an association between epidural use and increased cancer recurrence (odds ratio ϭ 1.14, 95% CI [1.05, 1.24], P ϭ 0.002). Adjusting for demographic and clinical covariates, however, there was no significant difference in the odds of recurrence between the groups (odds ratio ϭ 1.05, 95% CI [0.95, 1.15], P ϭ 0.28). Of note, blood transfusion was a significant predictor of cancer recurrence in the adjusted model (odds ratio ϭ 1.14, 95% CI ϭ (1.03, 1.25), P ϭ 0.01).
Discussion
Our results suggest an early and sustained beneficial effect of epidural use on all-cause mortality after colorectal cancer resection. These findings contrast those of the Multicenter Australian Study of Epidural Anaesthesia and Analgesia in Major Surgery (MASTER) trial, 43 a reanalysis of which also found no difference in mortality in the subset of patients undergoing surgery for abdominal malignancies. 26 Some literature, however, is consistent with our results. Christopherson et al. demonstrated improved survival up to 1.46 yr with epidural use in patients without metastases. 28 In addition, Gupta et al. found an association between epidural use and decreased all-cause mortality after resection of rectal (but not colon) cancers. 29 It is interesting to note that distal cancers were associated with a higher risk for mortality and recurrence than proximal in our analysis. Taken together with previous work, this suggests that there may be important clinical differences between rectal and more proximal cancers.
The 5-yr survival rates observed in this study (61% and 56% for epidural and nonepidural groups, respectively) are somewhat lower than others reported in the literature. For example, Gupta et al. 29 found 77.3% survival at a median follow-up of 2.7 yr, whereas Jayne et al. 44 reported a lower 67.8% overall survival at 3 yr. Both of these values, however, are higher than those seen in our analysis. This could be explained by differences in surgical technique, patient populations, or length of follow-up (our data provided longer term information).
Because immune surveillance is a primary determinant of cancer progression, it is logical to hypothesize that interventions aimed at reducing exposure to immunosuppressive factors would improve patient outcomes after potentially curative cancer resection. In colorectal cancer, however, this has been difficult to demonstrate. Our analysis found no association between epidural use and colorectal cancer recurrence. In that regard, our results fit well with the existing literature in colorectal cancer. Gottschalk et al. analyzed 669 patients undergoing colorectal cancer resection and found no overall association between epidural analgesia and recurrence risk, although their study was limited by a relatively short follow-up period. In a subgroup analysis, however, they did demonstrate a lower risk of recurrence in older patients who received epidural analgesia. 25 Our logistic regression analysis indicates that increasing age is actually independently associated with a lower risk of cancer recurrence. Whether this is a true association or an effect of age on mortality hazard (and thus providing less time to observe for recurrence) remains to be seen. As mentioned previously, Myles et al. 26 evaluated Epidural Analgesia and Colon Cancer the recurrence of many types of completely resected abdominal malignancies, of which 106 cases were colorectal, in groups randomized to either epidural or systemic analgesia. They found no significant difference in cancer recurrence between the groups (as a composite of the different malignancies), but the study had limited power to detect an effect on any particular malignancy. Taken together with these studies, our results suggest that the impact of epidural analgesia on colon cancer recurrence is minor at best.
The differences seen in analyses of colorectal cancer versus other malignancies highlight the difficulties facing investigators in this field. Differences in tumor biology (between and within cancer types), different surgical techniques, varying patient populations, challenges in defining recurrence, and difficulty with long-term follow-up all hamper firm conclusions. These are a few of the challenges that must be addressed in clinical trials. Given the long spans of time and large patient populations required, clinicians will have to wait quite a while for definitive results.
Of note, we found a significant association between perioperative blood transfusion and increased odds of cancer recurrence as well as an increased hazard for mortality. This is consistent with the increasingly recognized negative effects of allogeneic blood transfusion. In colon cancer patients, transfusion has previously been associated with increased odds of recurrence after surgery. 45 In a wider surgical population, Glance et al. found an association between blood transfusion and an increase in multiple perioperative complications, including an increased risk of death. 46 In our analysis, however, it is uncertain whether blood transfusion leads to worse outcomes or is simply a marker of a worse perioperative course or more aggressive tumor. 
PERIOPERATIVE MEDICINE
This study has several strengths worth mentioning. The SEER-Medicare database is very large, provides detailed tumor information, and is centrally maintained by the National Cancer Institute. The data quality is very good and provides information from across the United States, not just a single center or region. To our knowledge, this is the first study in the anesthesiology literature to utilize this large database. The closest analysis to this field used the database to evaluate repeated exposure to anesthesia as one of many risk factors for non-Hodgkin's lymphoma. 47 There are, however, important limitations to this analysis. It suffers from the same weaknesses inherent to all observational studies, namely susceptibility to bias, confounding, and effect-cause associations. It is possible that some of our results may be explained by unmeasured confounders or selection bias. We used propensity scores in an attempt to adjust for potential selection bias in treatment assignment, but we were limited to the covariates available in the database. It is important to remember that propensity scores only balance groups on known covariates, so unmeasured confounders may still remain. This limitation, combined with the modest discriminatory ability (c-statistic) of our propensity score model, suggests that successful balancing of covariates, although not assured, is likely.
Because much of the information on procedures comes from administrative claims, there are limited clinical data (surgical and anesthetic techniques, drugs administered, among others) on the care patients received. For example, we inferred a laparoscopic case converted to open if both codes for open procedures and laparoscopy were present. This could introduce bias, as these patients would be less likely to have epidurals and might have worse outcomes. The small proportion of these cases, however (less than 1%), would make any effects on the analysis quite small. In addition, because intraoperative use of an epidural is not billed separately (as opposed to placement solely for postoperative pain), the timing of epidural use (preoperative, intraoperative, or only postoperative) is unclear from this database. However, the combination of either a code for placement or the code for daily management is unlikely to miss a significant number of epidurals. Without any other means of identifying epidural use in this database, some level of misclassification will be inevitable. We contend, however, that misclassifying epidurals as controls would only dilute an association, not falsely indicate the presence of one.
One might argue that the study population should be patients who received preoperative epidural dosing to block the surgical stress response and/or in whom general anesthesia was avoided. In many of the previous studies discussed, general anesthesia was combined with regional analgesia. The main benefit proposed by those authors is reduction of anesthetic and opioid requirements. Certainly, many perioperative factors are immunosuppressive, but complete avoidance of general anesthesia and/or ablation of the surgical stress response, while desirable, are not always feasible and probably not necessary for a benefit under the hypotheses of this study. Even if patients did not receive epidural medications until the end of surgery, they would have required far less opioid analgesia (a potent immune suppressant) than nonepidural patients. Again, this would tend to bias toward a null result in our analysis.
Importantly, the database lacks a variable indicating cancer recurrence. Therefore, we were not able to assess diseasefree survival and using chemotherapy, radiation therapy, and metastasis codes as proxies for recurrence may lead to cases of untreated recurrence going undetected, which could bias the result of the recurrence analysis. Also, because of the limitations of the database, we may have omitted clinically significant covariates from our statistical models and were unable to directly examine nonsurgical complications (such as cardiac events). This may explain the early survival advantage in the epidural group, although we could not identify any differences in other perioperative complications. Finally, our dataset was limited to individuals ages 66 yr or older. However, patients in this age group have the highest incidence of colorectal cancer. 1 In conclusion, this large population-based cohort study suggests that epidural anesthesia and/or analgesia is associated with improved survival in patients with nonmetastatic colorectal cancer undergoing resection. Our results do not support an association between epidural anesthesia and/or analgesia and recurrent disease. Prospective studies are needed to determine whether the association between epidural use and survival is causative.
This study used the linked SEER-Medicare database. The interpretation and reporting of these data are the sole responsibility of the authors.
